We developed for the first time a smartphone application designed for diabetes self-management in Korea and registered a patent for the relevant algorithm. We also investigated the user satisfaction with the application and the change in diabetes related self-care activities after using the application. Methods: We conducted a questionnaire survey on volunteers with diabetes who were using the application. Ninety subjects responded to the questionnaire between June 2012 and March 2013. A modified version of the Summary of Diabetes Self-Care Activities (SDSCA) was used in this study.
INTRODUCTION
conveniences related to diabetes self-management such as blood glucose measurement and diabetes journaling can be effectively improved by utilizing smartphone applications [13] .
However, few studies exist on the effect of a smartphonebased diabetes self-management system in Korea, and thus, more evidence is needed. In previous studies on the efficacy of smartphone-based applications for controlling blood glucose levels, glycosylated hemoglobin levels decreased more in subjects who displayed higher satisfaction with the use of the smartphone applications than in subjects with lower satisfaction. Therefore, satisfaction with the application was an important factor for controlling blood glucose [14] . In the current study, the investigators developed the 'Diabetes Notepad' application designed to enable self-management of diabetes using a smartphone. This study was conducted to obtain basic data pertaining to the usefulness of the application, including whether diabetes self-management activities improved and to what extent the diabetes self-management activities improved according to the satisfaction with the smartphone application.
METHODS 'Diabetes Notepad' application
The 'Diabetes Notepad' application used in the present study is a diabetes self-management system that records personal information, blood glucose levels and test records for comorbidities. The application also includes additional features such as diabetes education material and a cardiovascular risk calculator (Fig. 1A) . Additionally, the application allows easy access to the saved blood glucose history through the blood glucose record sheet and a graph (Fig. 1B) . The algorithm of the 'Diabetes Notepad' application has been patented in recognition of its originality . The application is free of charge, available for anyone with a smartphone and is renowned as the most widely distributed diabetes self-management application in Korea with approximately 50,000 downloads (as of March 30, 2013).
Subjects
Subjects included those who were using the 'Diabetes Notepad' application and willing to give consent to participate in the research study. A final analysis was performed on data from 90 patients who completed the questionnaire.
Methods
A questionnaire on the satisfaction with the Korea National Diabetes Program Diabetes Notepad application used in this study consisted of personal information of the subjects and the diabetes management status before and after application use. The study was designed to identify user satisfaction and changes in the Summary of Diabetes Self-Care Activities (SDSCA) after the use of the application. For the management status of diabetes, the questionnaire asked subjects to state the number of days (out of a week) that the patient measured blood glucose levels, had regular meals, drank alcohol, smoked, exercised, took regular medication, weighed themselves, and kept regular hours. These correspond to items that SDSCA measures. SDS-CA is the most widely used tool to measure the degree of diabetes self-management, and its usefulness has been verified through various studies involving Korean subjects [15, 16] .
Subjects who agreed to participate in the survey sent their agreement via email to the investigators. Next, the investigators emailed the subject the SDSCA questionnaire and received the survey results from the subjects via email. In addition, patients wanting an additional consultation were asked to email the clinical information recorded in the application to the investigators.
Ethics statement
This study was carried out with subjects who agreed to participate in the research among those using the Diabetes Notepad application. The study subjects were recruited using the notice board window on the smartphone without direct interviews, and email was used as the primary communication method to send the questionnaire and receive its answers. Institutional Review Board (IRB) of Kyung Hee University Hospital approval for the exemption of a written agreement of study subjects and investigators was obtained before starting the study (KMC IRB 1217-01). The study design was registered in the national clinical trial registry (CRIS, No. KCT0000714).
Statistical analysis
The SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis of the survey results. Subjects' characteristics and survey results were represented through descriptive statistics, and outcomes are shown as the mean±standard deviation. In addition, the internal consistency of questions of the questionnaire or the reliability was represented as a Cronbach's α value. The Wilcoxon signed rank test was used for the comparison of SDSCA items before and after the use of the diabetes application, and a Mann-Whitney U test was performed for the comparison of changes in SDSCA between the group with high satisfaction and the group with low satisfaction with using the application. Additionally, the Mann-Whitney U test and Kruskal-Wallis test were conducted to identify the difference in the satisfaction with the application and the changes in SDSCA according to the demographic characteristics of the subjects. The significance of all statistical analyses was verified at P<0.05.
RESULTS

General characteristics of the survey population
The survey results showed that 90 patients, corresponding to 30.8% of those who had originally agreed to participate in the survey, completed the final questionnaire as of March 30, 2013. The clinical characteristics of the subjects who completed the survey are shown in Table 1 . The mean age of the subjects was 44.0 years old, and 71 subjects were male, which accounted for 78.9% of the total subjects. At least 50% of the subjects had diabetes for less than 3 years. Eighty-two percent of the subjects had used the Diabetes Notepad application for less than 6 months, 14.6% for 6 months to 1 year, and only 3.4% for more than 1 year. Eighty percent of the subjects graduated from a university or had a higher degree, and 51.7% were high-income earners with a monthly income of 3 million won or more. Subjects without other comorbidities besides diabetes accounted for 56.7% of the respondents. Because each subject used the Diabetes Notepad application through his/her own will, data from the questionnaire were obtained from subjects living all over the country, which was a clear advantage. The nationwide distribution of users of this application is shown in Fig. 2 .
User satisfaction
As shown in Table 2 , survey results of the user satisfaction with the application showed that 83.1% of subjects indicated positive changes in the clinical course of diabetes after using the application, and 86.7% were satisfied with the structure and completeness of the application. Furthermore, 96.7% of respondents stated that the application was easy to use. Almost all (97.7%) of the subjects were willing to actively recommend the application to other people, and 96.7% would continue to manage their diabetes by using the application. The internal consistency of the survey questions about satisfaction before and after the use of the application was 0.791 as estimated with Cronbach's α.
Subjects responding to questions pertaining to satisfaction selected their response from a 4-point scale including (1) strongly agree, (2) agree, (3) disagree, and (4) strongly disagree. Then, in the statistical analysis, scores were given to each response as follows: (1) 4 points to strongly agree, (2) 3 points to agree, (3) 2 points to disagree, and (4) 1 point to strongly disagree. Subsequently, the scores for all the questions were added up, and the high rank and low rank groups were classified relative to the 50% point of the maximum total score of all the questions pertaining to satisfaction. This resulted in 53 subjects in the high satisfaction group and 37 in the low satisfaction group. In the next paragraph, the difference in the changes in SDSCA items between these two groups will be discussed. Table 3 shows the difference in satisfaction with the application according to the demographic characteristics, and the male patients (3.54±0.50) found it easier to use the application than the female patients (3.16±0.69), which was statistically significant (P=0.026). In other questions pertaining to satisfaction, gender, age, the duration of diabetes, the duration of using the application, the smartphone model, education level, and the presence of a comorbidity did not impact the satisfaction with the application.
Changes in diabetes self-care activities after the use of the application Table 4 shows the difference in the management status of diabetes before and after the use of the Diabetes Notepad application. The mean number of days the subject measured their blood glucose, had regular meals, drank alcohol, smoked, exercised, took their regular medication, weighed themselves and kept regular hours during a week before and after the use of the application were compared using the Wilcoxon signed rank test for 90 patients who completed the questionnaire.
All items displayed statistically significant differences with a P=0.000 except for the number of drinking days. Additionally, the frequencies of measuring blood glucose levels, having regular meals, exercising, taking regular medication, weighing oneself, and keeping regular hours increased, while of the frequency of smoking decreased after the use of the application. Tables 5 and 6 show the differences in the changes in SDS-CA items according to the demographic characteristics and the level of satisfaction, respectively, after defining the difference between the numbers of SDSCA items before and after the use of the application as the changes in SDSCA items. Table 5 shows the changes in SDSCA items according to gender, age, the duration of diabetes, the duration of using the application, education level, income, and comorbidities. The changes were analyzed, and the significance of the analysis was verified at P<0.05 using the Mann-Whitney U test and Kruskal-Wallis test. The changes in the number of days the subject measured their blood glucose and kept regular hours were significantly different between males and females (P=0.020). The changes in SDSCA items other than those above were not affected by gender, age, the duration of diabetes, the duration of using the application, education level, and the presence of co- Values are presented as the number (%). Cronbach's α=0.791. Fig. 2 . Users of the application were widely distributed across the nation. Users were from Seoul (28.9%), Gyeonggi (24.4%), Incheon (5.6%), Gangwon (0.0%), Chungcheong (5.6%), Jeolla (5.6%), Daejeon (3.3%), Daegu (8.9%), Gwangju (2.2%), Gyeongsang (7.8%), Ulsan (2.2%), Busan (5.6%), and Jeju (0.0%). morbidities. Table 6 shows the difference in the change in SDSCA items according to the groups with high or low satisfaction with the application. The changes in the number of days the patient measured their blood glucose (P=0.020), exercised (P=0.000), weighed themselves (P=0.003), and kept regular hours (P= 0.000) displayed statistically significant difference between the high satisfaction and low satisfaction groups.
DISCUSSION
Several recent studies show the positive effects of mobile health intervention on the management of chronic diseases [7] [8] [9] . Other studies report that data input through a personal digital assistant (PDA) and handheld computer was more effective than hand written diabetes journaling [17, 18] . A smartphone is a device that can be used for internet access, data storage, setting an alarm, email, and running many applications [19] , and a smartphone is much more powerful than an existing mobile phone or PDA for applying mobile technology to clinical practice. Applications run on smartphones helped patients monitor meals and medication for the management of chronic diseases including diabetes and also improved communication with medical staff as well as the patient's compliance [20] .
This study demonstrates positive changes in the clinical course of diabetes when using a smartphone application as investigated by a user satisfaction survey and changes in the SDSCA. The survey was conducted with subjects who use the Diabetes Notepad application, which is the most widely available diabetes smartphone application in Korea. In particular, this study showed significant changes in the SDSCA, which is the most frequently used tool for the evaluation of diabetes self-management in Koreans [15, 16] .
Previous studies on diabetes self-management using a smartphone showed that a specific application tailored to the respective study design was often used within a limited region and for limited patients. Additionally, only one study has investigated the actual environment for an application that was more common and widespread than 'Diabetes Notepad' [10] . In the current study, 90 users of 'Diabetes Notepad, ' the most widely available application in Korea, responded to the survey, and significant changes in diabetes self-management occurred before and after using the application.
However, like other studies [9, 10] , this study only confirmed positive changes with the short term use of the application be- cause 82% of the subjects had only used the application for less than 6 months. So speculating the persistence and compliance of diabetes self-management with the use of a smartphone application as well as the future role of the application in the entire healthcare system is difficult. The self-care and monitoring of diabetes is considered necessary for life, as opposed to patients fully recovering from diabetes [2] . Additionally, longterm studies on the effects of a smartphone-based self-management system are needed. Therefore, the investigators of this study are planning to conduct a follow-up study for patients who have been using the Diabetes Notepad application for more than 1 year. The investigators recently released a new version of the application that allows synchronizing measurements obtained from a blood glucose tester with the Diabetes Notepad application. This synchronization would enable patients who are not familiar with smartphones to store their blood glucose information in the application by connecting their smartphone to the blood glucose tester rather than typing their own blood glucose levels into the smartphone application. One study suggests improved blood glucose control and a decreased hospital admission rate when patients and medical staff share and manage blood glucose information effectively [21] . Subsequently, the use of smartphone applications that can synchronize with a blood glucose tester will open a new horizon for future diabetes management. In particular, coupling a blood glucose tester with the Diabetes Notepad application is more likely to be advantageous to the elderly who usually find it difficult to use smartphone applica-Diabetes Metab J 2015;39:207-217 tions [13] . Therefore, we expect that patients older than 44.0 years old, which was the average age in this study, and those with difficulties using smartphones could more easily use this application.
As mentioned in the results, the majority of subjects in this study were males in their 40s without specific comorbidities who were highly educated and earn a high-income. Moreover, the subjects voluntarily participated in the study after reading the application notice. Subsequently, these subjects likely have high accessibility to smartphones and do not have difficulties in using them due to their economic means and high level of education. In addition, as these subjects were more active in managing their disease as voluntary participants and thus are less likely to represent the entire population of diabetes patients, selection bias should be considered.
Therefore, limitations of this study include not analyzing the long-term effects of the use of the application and the selection bias. However, this study still has great significance in that the statistically significant positive changes in the clinical course of diabetes were displayed among users of the widely available application.
Emerging evidence suggests that smartphones induce positive changes on the management of chronic diseases including diabetes. This study shows that the 'Diabetes Notepad' application developed by the investigators also showed a high level of user satisfaction and had a positive effect on diabetes self-management. In addition, this study demonstrated that improvement in diabetes self-management activities is greater when user satisfaction is high. After confirming the long-term effects of the use of smartphone applications, one may hypothesize that smartphone applications could play a pivotal role in the management of diabetes if the application can easily be used by more people and at lower prices.
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